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SUMMARY

The effects of specific eooking tem-
peratures for various fime intervals
on shear press values of turkey light
meat were determined before and after
freeze-drying. Cylinders of meat were
used to obtain short temperature equil-
ibration times. The cooking tempera-
tures investigated were 140, 15¢, 160,
170, 180, 190 and 200°F. To relate the
results to a common cooking method,
turkey meat stuffed into casings 214-
in. in diameter was cooked in steam
at § lbs pressure to internal tempera-
tures of 160, 170, 180, 120 and 200°F.
Half' of the roll at each internal fem-
perature was chilled in ice wafer im-
mediately after reaching temperature.
The other half was held in a water
bath for 4 hr at the terminal internal
-temperature, then ehilled in ice water.

The initial effect of heat on the
tenderness of meat evaluated before
freeze-drying was a toughiehing which
reached a maximum at ghout 160°F.

Holding at any given femperature up
to 160°F resulted in very liftle change
in the foughness initially obtained at
that temperature. When the meat
was evaluated after freeze-drying, the
pattern was the same exeept that
maximum toughness oceurred at ahout
170°F. However, when the meat was
cooked in easings and cooled quickly,
the maximum toughness occurred at
190°F for the freeze-dried product
and at 170°F for the product not
freeze-dried. When the meat was held
at the run temperature for 4 hr, i

maximum toughness for both preduets
ocenrred at 160°F. The freeze-dried
product was significantly tougher than
the produet not freeze-dried. The

eooking process must be specifically

designed for freeze-dried turkey to
obtain the most satisfactory product.

INTRODUCTION
Procurements of cooked freeze-dried

turkey for fleld testing hy the -Armed
Forces resnlted in ratings by the us-
ing troops as much tougher than de-
sired. As summarized by Wells (1966),
there are many factors that affect the -
tenderness of pouliry meat. Most of
these factors would he diffieult or

impossible to eontrol in Armed Forces

procurement. However, eontrel of the
cooking process is feasible, and pre-
liminary studies indicated that more
accepiable freeze-dried furkey meat
can be produced with proper cooking
controls. :
The observation that freeze-drying
toughens poultry meat has been made
by several investigators including Bele .
et al. (1966), Seltzer (1961) and
Sosebee ef al. (1964).
{1965) noted that turkey meat, fo be
freeze-dried, may require quite dif-

ferent cookmg, bu$ did not mvestlgate ’

the various cooking factors.

Miller et al. .



TENDERNESS OF FREEZE-DRIED TURKEY MEAT continued

In an investigation that ineluded a
"study of the effects of end-point tem-
persture on the fenderness of the light
meat of turkey roasts, Goodwin et al.
(1962) reported a decline in shear
values (more fender) with increased
temperature except for an inerease at
71°C (160°F) and a sharp decline at
77°C. Goodwin (1963) reporied the
same effect. Wilkingon et al. (1967)
reported & decline in shear values
from 60 (140°F) to 66°C (151°F),
a constant value to 82°C (180°F) and
a stight {hut statistically insignificant)
rise befween 82° and 88° (190°F).
Hoke et al. (1967), in investigating
the effect of internal and oven fem-
peratures on the quality of light tur-
key meat, found that all significant
changes in eating quality exeept for
mealiness were due fo the internal
temperature rather than to oven
temperature and that there was a
statistieally-significant inerease in ten-
derness as the end-point temperatire
wag inereased from 161° to 2I2°F.
However, in none of the four studies
noted above was the meat freeze-dried.

Almost all reported studies on the
cooking of poultry are concerned with
whole or half birds or with turkey
rolls. Usually, the produst was placed
in the cooking medinm and held there
until & given internal temperature was
reached., This means that different
points in the meat were subjected to
widely varying ecooking eycles depend-
ing upon the distanee of a particular
point from the gurface. This investi-
gation was designed fo determine the
effects of specifie temperatures for
varying periods of time. Thus, the
cross seetion of the meat was made
as small as possible to permit rapid
temperature equilibration through the
produet. - )

EXPERIMENTAL METHODS

‘Grade A tom turkeys averaging
20-25 lbs were Teceived in the fresh
chilled state with no eontrel of quat-
ity other than grade and eondition.
Tmmediately npon receipt, the turkeys
were honed with only the breast meaf
being used for this study.

Tn Experiment I, the breast meat
wag ground through a I-in. plate,
carefully packaged in freezer paper,
frozen to —30°F. in a blast freezer,
and held at that temperature until
used.. .

- -Product for cooking was allowed fo
thaw overnight at room temperature.
Tt was -tightly stuffed info stainless
steel ‘tubes, 74-in. internal diameter
gtid. 84n. lohg. The ‘tubes were sts-
pended in ‘& 200°F ‘water bath until

the product reached the femperature

at which it was to be run and imme-
diately transferred to a water bath
at the run temperature. Tubes were
removed at selected intervals and im-
mediately cooled in 32°F water. Zero
time was considered as the point when
the product was transferred from the
200°F bath. Time required to bring
the produet up fo run temperature
varied from 3 to 8 min, depending
upon the temperatures. Time required
to cool the produet down to less than
100°F was 3 min or less. Cooking
temperatures used were 140, 150, 160,
1706, 180, 190 and 200°F. Time inter-
vals at these temperatures were 0, 1,
2,3, 4, 5 and 6 hr. After chiliing, the
cooked meaf was frozen in a —30°F
blast freezer and eut on a hand saw
into 3/16-in. thick disks. Half of the
disks were eonditioned to 50°F to be
tested in the shear press and the other
half was freeze-dried.

Freeze-drying was accomplished in

a pilot plant freeze-dryer with a plate
temperature of 120°F and a pressure
of 200400 miecrons. Vacuum was
broken with nitrogen. Upen comple-
tion of the drying, the disks were
packed in eans with 28-29 in. of vae-
wam. Prior to the shear test, the disks
were rehydrated in B80°F water for
10 min and then conditioned to 50°F.

The shear press results were oh-
taired with an Allo-Kramer Shear
Press, model 211E. Five of the meat
disks were placed in a single layer in
the Kramer eell for each test, and
30 replieates were run for each tfest.
A downstroke of 30 sec and a 5000-Ib
ring were used with the press. Results
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Fig. 1. The effect of cooking temper-
gture and time on the shear press value
for fresh-frozen light turkey meat.

were recorded as pounds foree inea-.
sured at the peak of the shear valune.

To relate the results of Experiment
I to realistic cooking sitmations, Fx-

- periment IT was conducted using 214-

in. diameter rolls of light turkey meat
formed by stuffing the boned turkey
meat info flexible easings. The meat
was not ground for this experiment.
Two rolls were made from each turkey,
and the identity of the individual tur-
keys maintained throughout the study.
The two rolls from each turkey were
brought np to a given inteinal tem-
perature in a 6-lb steam chamber,
Upon reaching temperature, one roll
was immediately placed in ice water
and chilled to below 100°F. The other
roll was placed in a hot water bath
at the femperature under study and
held for 4 hr, At the end of this time,
the roll was placed in ice water. The
cooking temperatures used were 160,
170, 180, 190 and 200°F. The time
required to bring the rolls to 160°F
was about 30 min, and the {ime to eool
them below 100°F was about 25 min.
Four replications were performed,
The product from Experiment TI
was evaluated on the Allo-Kramer

‘Bhear Press under the same condi-

tions as m ¥xperiment I except that
the meat used in the press was a
circular slice 214-in. in diameter and
14 -in. thick.

RESULTS AND DISCUSSION

Statistical analysis of the raw data
in Experiment I showed significant
fime and temperature effects on the
tenderness of the turkey hoth before
and after freeze-drying. Cubic equa-
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Tig. 2. The effect of ecooking temper-

ature and time on the shear press value
of cooked freezé-dried turkey light meat.



TENDERNESS OF FREEZE-DRIED TURKEY MEAT concluded

Table 1. Shear press means for turkey light meat in Experiment 112

Cooking Product cooled immediately Produet cooked 4 hr
temperature
{°F) Freeze-dried Fresh-frozen Freeze-dried Hresh-frozen
160 61.4 52,4 719 56.0
170 61.5 61.6 70.5 55.8
180 59.5 56.7 55.8 44.1
190 67.5 56.7 68.7 46.3
200 68.4 521 61.6 43.8

1 Results are the average of 4 replications using an Allo-Kramer Shear Press with the higher

nuymber indicating less tender produet.

tions of the shear press results were
found by the method of least squares
and are plotied in Figs. 1 and 2. In-
spection of these plois confirms two
results of previous investigators: (1)
Freeze-dried furkey is considerably
tougher than ecorresponding product

_before freeze-drying. (2} The fender- -

izing effect of inereasing temperature
i reversed somewhere in the vieinity
of 170°F and then is resumed as the
temperature is again increased. In this
stndy, however, the toughening of the
product before freeze-drying occurred
at 160°F. When the produet was
Treeze-dried the toughening oceurred at
170°F. This  indieates that opfimum
cooking for turkey light meat is not
the same for products fo bhe freeze-
dried as for those not freeze-dried.

The time-temperature effects on tur-
key light meat were very similar to
those found for heef (Tuomy et al.,
1963) and pork (Tuwomy et al., 1964).
Increased holding time resulted in very
little, if any, tenderization at tempera-
fures from 140 to 160°F in the nom-
freeze-dried produet and 140 to 170°F
in the freeze-dried product. In hoth
cages, tenderization inereased more
rapidly- as the temperature was in-
creased after the 160 and 170°F points
were passed.

The average shear press results for
Experiment IT are shown in Table 1
and the analysis of variance results in
Table 2. As in Experiment I, the
freeze-dried product had significantly
higher shear press values than the cor-
responding product not freeze-dried.
When the meat was bronght up to the
ron temperature and quickly ecooled,

the highest shear press values were
found at 190°F for the freeze-dried
and 1I70°F for the product not freeze-
dried. This does not eonform to the
results fonnd in Experiment I, except
that there was a difference in the tem-
perature at which the highest shear
press value ocenrred. However, when
the meat was held for 4 hr at the rum
temperature, the highest shear values
oceurred at 160°F for both freeze-
dried and product not freeze-dried.
This is much closer to the results of
Experiment I.

It should be noted that all 4 columns
in Table 1 show increased shear press
values al 190°F, statistieally signifi-
cant in the ecase of the freeze-dried
produet but not in the case of the
product not freeze-dried. This is simi-
lar to the results of Wilkinson et al.
(1967) where an increase in shear
press values was found between 82°
and 88°C. In this case, turkey roasts
were used and the produet was not
Treeze-dried.

The results of this study indicate
that fthe ecooking proeess for freeze-
dried turkey light meat should be care-
fully designed and controlled to obtain
a more tender product. It is bheliaved
that this, in eombination with other
methods for improving fenderness,
such as the use of enzymes, ¢an result
in an acceptable freeze-dried produet.

REFERENCES

Bele, L. M., Palmer, H. H., Klose, A. A,
and Irmiter, T. F. 1966, Evaluation
of methods of measuring differences
in texture of freeze-dried chicken
meat. J. Food Sei, 3%, 791,

Table 2. Analysis of variance fesults of
Experiment 1} i

Factor Signiﬁcnnéa'
Cooking temperature * .
Holding st ccoking temperature IL.8.
Freeze-drying Wk
Temp. X Holding *
Temp. X Freeze-drying n.s.
Holding X Freeze-drying .

*—T < 0.05

** P < 0.01

n.8.—not significant

Goodwin, T. Y., Bramblett, V. D., Vail,
G. B. and Stadelman, W. J. 1862.
Effect of end-point temperature and
cooking rate on turkey meat tender-
ness. Food Technol. 18(12), 101.

Goodwin, T. L. 1963. Some factors af-
fecting tendernessy of {urkey meat.
Ph.D. Thesis, Purdue University.

Hoke, I. M., Mc¢Geary, B. K. and Kleve,
M. K. 1967. Effect of internal and
oven temiperafures on eating quality
of light and dark meat turkey roasts.
Food Technol. 21, 773.

" Miller, W. 0. and May, K. N. 1865.

Tenderress of ehicken as affeeted by
rate of freezing, storage time and
temperature ard freeze-drying. Food
Technol. 19, 1171,

Seltzer, E. 1961. Importance of selec-
tion and processing method for sue-
cessful freeze-drying of chicken.
Food Technol. 16(7}, 18.

Bosebee, M. E,, May, K. N, and Powers,
J. d. 1864. The effects of enzyme
addition on the quality of freeze-
dehydrated chicken meat. Food Tech-
nol, 18, 551. ‘

Tuomy, J. M., Lechnir, R. J. and Miller,
T. 1563, Effect of eooking tempera-
ture and time on the tenderness of
heef. Food Technol. 17, 1457.

Tuomy, J. M. and Lechnir, R. J. 1064,
Effect of cooking temperature and
time on the fenderness of pork
Food Technol. 18, 219,

Wells, G. H. 1966. Tenderness of chicken
with emphasis on enzyme treatments.

" Ph.D, Thesis, Michigan State Uni-
vergity.

Wilkinson, R. J. and Dawsen, L. H.
1967, Tenderness and juiciuness of
turkey roasts cooked to different
temperatures. Poultry Seci. 46, 15.

Me. ree’d 4/26/68;: revised 8/26/68; ac-

cepted 11/26/68.

This paper reports research under-
taken at the U.8. Army Natick (Mass.}
laboratories and has been assigned No.
TP, 429, The findings in this report are
not {6 be construed as an official Depart-
ment of the Army position.



